Objective: To assess changes in anticoagulation and fibrinolytic systems between biliary and hyperlipidaemic acute pancreatitis (AP). Methods: Patients with biliary or hyperlipidaemic AP were enrolled. Demographic and clinical data were collected, and antithrombin III (ATIII), protein C, protein S, and D-dimer levels were investigated. Results: A total of 45 patients with biliary AP and 50 patients with hyperlipidaemic AP were included (68 with mild AP and 27 with moderately-severe AP). ATIII and protein C levels in the mild AP group were significantly higher, but prothrombin time and D-dimer were significantly lower, versus the moderately-severe AP group. ATIII and D-dimer were found to be risk factors for moderately-severe AP. ATIII could predict AP severity, particularly in patients with biliary AP. D-dimer was a sensitive and specific predictor for disease severity in patients with AP, particularly in patients with hyperlipidaemic AP. Conclusion: ATIII and protein C levels decreased as severity of AP increased, particularly in cases of biliary AP. D-dimer levels increased with severity of AP, particularly in hyperlipidaemic AP. ATIII and D-dimer may be useful biomarkers for assessing AP severity in patients with biliary and hyperlipidaemic AP, respectively.
Introduction
The prevalence of acute pancreatitis (AP) continues to increase in the Chinese population. 1 The pathogenesis of AP is founded on autodigestion of the pancreas and characterized by ischaemia/reperfusion injury and infection. The common causes include alcohol consumption, overeating, cholelithiasis, and hypertriglyceridaemia. 1 In 1952, the first case of hyperlipidaemic AP caused by primary hyperlipidaemia (also known as hyperlipoproteinemia) was reported. 2 Since then, the prevalence of hyperlipidaemic AP has greatly increased and it is presently the third leading cause of AP in China; biliary AP remains the first. 3 The prevalence of AP caused by hyperlipidaemia varies between studies, and ranges from approximately 1-12%, with 12-50% of these patients also having lipid disorders. 4, 5 The pathogenesis of biliary AP differs from hyperlipidaemic AP, in that biliary AP is caused by biliary obstruction (bile duct stone, or dysfunction of the sphincter of Oddi) and bile reflux into the pancreas. Pathogenesis of hyperlipidaemic AP is associated with obstruction of the pancreatic microcirculation by blood lipids, and injury of pancreatic acinar cells by free fatty acids and abnormally activated trypsinogen. [6] [7] [8] [9] [10] Most patients with AP recover well, but 20-25% may progress onto haemorrhagic necrotizing pancreatitis or severe AP, which can lead to systemic inflammatory response syndrome (SIRS), acute respiratory distress syndrome, and even multiple organ dysfunction syndrome, with 30-50% mortality rates. 11, 12 Early diagnosis and timely treatment could significantly decrease the morbidity and mortality of severe AP. 13 Thus, early and accurate evaluation of AP severity is important to prevent progression.
Hypercoagulability is observed in patients with AP, caused by activation of cytokines like interleukin (IL)-6, IL-18, and tumour necrosis factor-a during the inflammatory process. 14, 15 This cascade response can lead to SIRS and multiple organ dysfunction syndrome, as well as intrinsic and extrinsic coagulation. Systemic inflammation may further impair the balance between anticoagulation and fibrinolysis. Abnormal activation of vascular endothelial cells can cause the formation of a thrombus or microthrombus in small vessels. 16, 17 Thus, patients with AP may develop systemic inflammation and coagulation, 18 and dysfunction of the coagulation system in AP is associated with poor prognosis. 19 The anticoagulation system, composed mainly of antithrombin and protein C systems, changes during SIRS. Antithrombin III (ATIII), a glycoprotein secreted by hepatocytes, has a major role in anticoagulation. 20 ATIII can significantly inhibit thrombin and clotting factor X, as well as activated clotting factor IX, XI, and XII, and plasmin, and also inhibits platelet accumulation and release. 20, 21 ATIII functions by binding to heparin, and in vivo experiments have shown that ATIII could prevent acute pancreatitis by inhibiting cytokines, nitric oxide, and trypsin. 22 ATIII and platelet levels have been suggested as predictors of AP severity. 23 Protein C may be protective against severe AP.
24 Protein C is a vitamin K-dependent serine protease zymogen that is mainly produced in the liver. Thrombin can activate protein C, which can not only degrade clotting factor V and VIII, but also promote fibrinolysis and anticoagulation by the endothelial cell protein C receptor through the thrombin-thrombomodulin complex. Activated protein C has been reported to suppress the inflammatory reaction and cell apoptosis by inhibiting the release of immunomediators and the adhesion of inflammatory cells and endothelial cells, preventing cell injury. [25] [26] [27] [28] In addition, protein C has been introduced as a therapeutic target for treating SIRS. Whether activated protein C can be used to treat patients with AP remains uncertain, [29] [30] [31] [32] as does the value of ATIII or protein C in predicting AP severity.
The association between D-dimer levels and AP severity also requires investigation. D-dimer is a specific degraded product of fibrin after the interlinking of fibrin monomer and clotting factor XIII. Increased D-dimer levels reflect activation of coagulation and the fibrinolytic system and can be used for early and rapid diagnosis of thrombotic diseases. D-dimer is used to diagnose disseminated intravascular coagulation and to exclude the presence of venous thrombotic diseases, including deep venous thrombosis and pulmonary embolism. 33 Elevated D-dimer levels have also been reported in AP. 19, 34 The roles of coagulation and the fibrinolytic system in biliary and hyperlipidaemic AP remain uninvestigated. To clarify the clinical significance of coagulation and the fibrinolytic system in AP, the present study examined relevant changes and their association with AP severity in patients diagnosed with biliary or hyperlipidaemic AP.
Patients and methods

Study population
In this single-centre, observational cohort study, patients who were diagnosed with biliary AP or hyperlipidaemic AP between January 2014 and December 2015, at the Department of Gastroenterology, Beijing Chaoyang Hospital, Capital Medical University, Beijing, China were sequentially enrolled. AP was diagnosed based on !2 of the following factors (determined !3 times): abdominal pain; increased serum amylase and/or lipase; and evidence of AP on contrast-enhanced computed tomography/ magnetic resonance imaging or ultrasound.
Biliary AP was diagnosed in patients with AP who demonstrated the following: increased transaminase and/or bilirubin levels; bile duct stone or dilation shown by radiographic imaging; and suspected biliary obstruction in patients who required endoscopic retrograde cholangiopancreatography (ERCP). Hyperlipidaemic AP was diagnosed in patients with AP who demonstrated the following: triglycerides !11.30 mmol/l or 5.65-11.30 mmol/l with chylous serum.
All patients underwent contrastenhanced computed tomography within 24 h of admission, and patients' demographic and clinical data were retrieved. Disease severity was graded as mild or moderately severe, based on the 2012 Atlanta classification. 35 Patients with alcoholic AP, post-ERCP pancreatitis, chronic pancreatitis, and chronic renal dysfunction were excluded. The Ethics Committee of Beijing Chaoyang Hospital, Capital Medical University, Beijing, China approved the study protocol (No. 2012-ke-9), which was conducted in accordance with the principles of the Declaration of Helsinki. All patients provided written informed consent.
Measurements
Blood samples (15 ml) were collected from the cubital vein into VACUETTE Õ Z Serum Clot Activator tubes (Greiner Bio-One, Kremsmunster, Austria) within 48 h of hospital admission, and immediately sent to the hospital laboratory for testing. White blood cell counts, haematocrit, and platelet levels were determined using a Sysmex XE-2100 TM automated haematology system (Sysmex, Kobe, Japan) according to the manufacturer's instructions. Liver and kidney function, blood lipids and electrolytes were determined using a Dimension Õ RxL Max Õ integrated chemistry system (Dade Behring Diagnostics, Marburg, Germany) according to the manufacturer's instructions. Laboratory parameters included the following: serum albumin, prealbumin, alanine aminotransferase (ALT), aspartate transaminase (AST), g-glutamyltransferase (g-GT), alkaline phosphatase (ALP), total bilirubin, direct bilirubin, total bile acids, creatinine, calcium, glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglyceride. Prothrombin time, activated partial thromboplastin time (APTT), fibrinogen, and thrombin time were determined by routine coagulation methods with a coagulation detector, using a Sysmex CA6000 automated analyser (Sysmex, Milton Keynes, UK) according to the manufacturer's instructions. Serum ATIII, protein C, protein S, and D-dimer were also detected using the Sysmex CA6000 automated analyser, according to the manufacturer's instructions.
Statistical analyses
Statistical analyses were performed using SPSS software, version 17.0 (SPSS, Chicago, IL, USA). Categorical data are presented as n (%) prevalence, and between-group differences were assessed using 2 -test, Yates' continuity correction, or Fisher's exact test, as appropriate. Continuous data are presented as mean AE SD or median (interquartile range), and between-group differences were compared by independent Student's t-test (normally distributed variables) or Mann-Whitney U-test (not normally distributed variables). Backward conditional logistic regression analyses were performed to identify risk factors for moderately-severe AP. Receiver operating characteristic (ROC) curve analyses were used to determine the sensitivity, specificity, positive and negative predictor values, area under the curve (AUC) and 95% confidence intervals (CIs). A P value < 0.05 was considered statistically significant.
Results
Demographic and clinical characteristics of the study population
A total of 95 patients were enrolled (65 male and 30 female; mean age of onset, 47.6 AE 15.5 years, range, 23-89 years), diagnosed with biliary AP (n ¼ 45) or hyperlipidaemic AP (n ¼ 50). Of these patients, 68 were classified with mild AP, and 27 patients were classified with moderatelysevere AP. Age of onset in the biliary AP group was higher (56.1 AE 16.6 versus 38.7 AE 7.7 years) but the incidence of fatty liver was lower (28.9% versus 92.0%) compared with the hyperlipidaemic AP group (P < 0.01). Fewer male patients (27/45 versus 38/50) and patients with type II diabetes mellitus (8/45 versus 13/50), and a lower mild AP/moderately-severe AP ratio (2.21:1 versus 2.85:1) were found in the biliary AP versus hyperlipidaemic AP group, but these differences were not statistically significant (P > 0.05).
The following were significantly higher in the biliary versus hyperlipidaemic AP group: ALT (230. 44 No statistically significant differences were found between patients with mild or moderately-severe AP in terms of other blood chemistry findings. In terms of coagulation, anticoagulation and fibrinolytic factors, ATIII and protein C levels were higher and prothrombin time and D-dimer were lower in patients with mild AP versus those with moderately-severe AP (P < 0.05; Table 1 ).
Subgroup analyses
Patients were categorized into the following 4 subgroups: mild biliary AP, moderately-severe biliary AP, mild hyperlipidaemic AP and moderately-severe hyperlipidaemic AP. Age of onset was higher but incidence of fatty liver disease was lower in the mild or moderately-severe biliary AP groups compared with the mild or moderately-severe hyperlipidaemic AP groups (P < 0.01). The moderately-severe hyperlipidaemic AP group had the highest percentage of patients with type II diabetes mellitus. Male/female ratios and cholecystectomy rates were comparable among the different groups (P > 0.05). White blood cell count in the moderately-severe biliary AP and mild hyperlipidaemic AP groups were higher than in the mild biliary AP group (P < 0.05). Prealbumin, glucose, total cholesterol, and triglyceride levels in the mild and moderately-severe biliary AP groups were lower than those the hyperlipidaemic AP subgroups, while ALT, AST, g-GT, ALP, direct bilirubin, and calcium levels were higher (P < 0.05). Patients with mild biliary or mild hyperlipidaemic AP had higher calcium and protein C levels but lower glucose and D-dimer than patients with moderately-severe biliary or hyperlipidaemic AP (P < 0.05). ALT in the mild hyperlipidaemic AP group was significantly lower than in the moderately-severe hyperlipidaemic AP (P < 0.05) ( Table 2) . Patients with mild biliary AP had higher ATIII than patients with moderately-severe biliary AP (P < 0.01). Protein C was higher but thrombin time was shorter in the mild and moderately-severe hyperlipidaemic AP groups compared with both biliary AP subgroups (P < 0.01). The moderatelysevere biliary AP group had lower ATIII, protein C, and protein S levels than did the moderately-severe hyperlipidaemic AP group (P < 0.01; Table 3 ). There were no other statistically significant differences in coagulation, anticoagulation and fibrinolytic factors.
Anticoagulation and fibrinolytic markers for predicting AP severity
A backward, conditional logistic regression model was applied to the data and risk factors for moderately-severe AP were analysed. Logistic regression analysis showed that D-dimer was an independent risk factor for AP (relative risk [RR] 4.504), moderately-severe biliary AP (RR 3.147), and moderately-severe hyperlipidaemic AP (RR 9.824). ATIII was an independent risk factor for moderately-severe AP (RR 1.071) and moderately-severe biliary AP (RR 1.104; Table 4 ). Receiver operating characteristic curve analyses were performed for ATIII and Ddimer in the AP, biliary AP, and hyperlipidaemic AP groups. The accuracy of ATIII for predicting moderately-severe AP in the total AP and biliary AP groups was moderate (Table 5) , particularly in the biliary AP group. D-dimer had moderate diagnostic accuracy for predicting moderately-severe biliary AP and excellent diagnostic accuracy for predicting moderately-severe AP in the total AP group and particularly in patients with hyperlipidaemic AP (Table 5) .
Discussion
Acute pancreatitis is a result of inflammation caused by the activation of trypsin in pancreatic tissue, which may result in dysfunction of other organs. 3 The two main AP subtypes are biliary and hyperlipidaemic, and both types were included for analyses in the present study. Hyperlipidaemic AP often occurs in young men, and amylase is usually normal or slightly elevated. [36] [37] [38] [39] The present results concur with similar studies, with young males predominant in hyperlipidaemic AP (although the proportions of males were not significantly different between biliary and hyperlipidaemic AP). Compared with other categories of AP, hyperlipidaemic AP is more likely to progress to moderately severe and severe, accompanied by acute respiratory distress syndrome, acute renal failure, or multiple organ failure. 12 Furthermore, the course of hyperlipidaemic AP is longer than that of other AP subtypes. 36, 40 In patients with hyperlipidaemic AP, insulin and heparin administration can help lower triglyceride levels, 41 and blood purification may prevent complications when routine treatments fail. 42, 43 Thus, reduction of triglyceride levels is important to prevent the recurrence of hyperlipidaemic AP. 44 In the present study, patients with AP were first stratified into biliary or hyperlipidaemic AP subgroups, and compared for AP severity. ATIII was found to be lower in the biliary AP group than in the hyperlipidaemic AP group, and ATIII was lower in patients with mild AP versus those with moderately-severe AP. To the best of the authors' knowledge, this is the first report showing that ATIII in patients with moderately-severe biliary AP was significantly lower than in patients with moderatelysevere hyperlipidaemic AP. Furthermore, logistic regression analyses showed that ATIII was inversely correlated with moderately-severe AP in all patients with AP, and particularly in those with biliary AP.
Lower ATIII may be related to abnormal liver function caused by inflammation and increased consumption during AP, which is consistent with published findings. 23, 45 To the best of the authors' knowledge, the present study is also the first to investigate differences in protein C levels between biliary and hyperlipidaemic AP. Protein C Data presented as n (%) prevalence, mean AE SD or median (quartile 1, quartile 3). ALT, alanine aminotransferase; AST, aspartate transaminase; g-GT, g-glutamyltransferase; ALP, alkaline phosphatase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. a P < 0.01 and b P < 0.05, compared with mild biliary AP; c P < 0.01, compared with mild hyperlipidaemic AP; d P < 0.01, compared with moderately-severe biliary AP; e P < 0.05, compared with mild hyperlipidaemic AP ( 2 -test, Yates' continuity correction, Fisher's exact test, independent Student's t-test, or Mann-Whitney U-test, as appropriate). levels were found to be lower in patients with biliary AP versus those with hyperlipidaemic AP, and protein C levels were lower in patients with moderately-severe AP versus patients with mild AP. Protein C levels also correlated with AP severity in the biliary and hyperlipidaemic AP groups. Protein C levels in the mild or moderately-severe biliary AP groups were lower than in the mild or moderately-severe hyperlipidaemic AP groups. The reason for lower protein C may be lower production by the liver and increased consumption in patients with AP. 46 There was no statistically significant difference in prothrombin time or APTT between moderately-severe and mild AP in biliary AP and hyperlipidaemic AP groups, however, fibrinogen in the mild and moderately-severe hyperlipidaemic AP groups was significantly higher than in the mild and moderately-severe biliary AP groups. Although protein C in hyperlipidaemic AP was normal, levels of protein C were lower in the mild versus moderately-severe groups (i.e., decreased as AP progressed). The present findings suggest that patients with hyperlipidaemic AP may develop hypercoagulation and require anticoagulation therapy, and are consistent with published studies. 19, 24 Unlike the present study, however, one study was conducted in a population of patients diagnosed with severe necrotizing pancreatitis, 19 thus, differed from the present group which had milder forms of AP, and the other study was conducted using an animal model, 24 with the associated limitations of animal studies. Activated protein C has been introduced as treatment for severe sepsis with promising results and relatively low mortality rates, 47, 48 however, some studies have shown that activated protein C may increase the risk of bleeding or ineffective therapy. 49, 50 The present study suggests that activated protein C may enhance the therapeutic efficacy for treating patients with biliary AP and moderately-severe hyperlipidaemic AP, since protein C was significantly decreased, but activated protein C may not be appropriate for treating mild hyperlipidaemic AP.
In the present study, and in accordance with other published studies, [51] [52] [53] [54] patients with moderately-severe biliary or hyperlipidaemic AP had higher D-dimer levels than those with mild AP, and those with moderately-severe hyperlipidaemic AP had higher D-dimer levels versus moderately-severe biliary AP. Logistic regression analyses indicated that elevated D-dimer levels were a risk factor for development of moderatelysevere biliary or hyperlipidaemic AP. D-dimer had moderate diagnostic accuracy in predicting moderately-severe biliary AP, and exhibited excellent diagnostic accuracy in predicting moderately-severe AP in the whole cohort and in hyperlipidaemic AP. D-dimer levels were comparable between the mild biliary and hyperlipidaemic AP groups, but higher in the moderately-severe hyperlipidaemic versus moderately-severe biliary AP group, suggesting that patients with hyperlipidaemic AP have more serious coagulation and fibrinolysis disorders than those with biliary AP. Elevated D-dimer in AP may be caused by inflammation and LDL-C, 34, 45 however, it should be noted that D-dimer is an acute phase reactant that is typically elevated in any systemic inflammation, including AP. 34 The present results may be limited by the fact that this was a single centre study with a relatively small patient cohort. A largerscale clinical trial is required to verify the therapeutic potential of activated protein C in treating AP. In addition, further studies with larger sample sizes are needed to validate the usefulness of D-dimer as a predictor of moderately-severe AP. Patients with severe AP, who may develop severe complications and who have high mortality rates, were not investigated in the present study due to insufficient patients, and should be evaluated in future studies if possible. Any conclusions drawn from the present study require further validation in a largerscale, multicentre study. In addition, the potential molecular mechanisms involved in coagulation and anticoagulation induced by immunomediators should be investigated.
In summary, the present study showed that coagulation and fibrinolysis disorders were associated with AP severity and aetiology. Biliary AP was associated with lower ATIII and protein C levels versus hyperlipidaemic AP, and patients with hyperlipidaemic AP had higher D-dimer levels. For patients with AP, detection of ATIII and Ddimer levels may help estimate AP severity and serve as a marker for monitoring AP progression. During early AP, patients with greatly decreased ATIII and increased D-dimer levels may be more likely to develop moderately-severe AP, and assessment of these factors would enable administration of appropriate treatments to enhance the efficacy of therapy and improve patient outcomes.
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